A case is reported of venous gas embolism in a 44-year-old woman undergoing hysteroscopic endometrial ablation using glycine irrigation without gas insufflation. The postulated source of gases are the vapour and combustion products produced by the diathermy.
Venous gas embolism under anaesthesia is normally associated with the entry of insufflating gas or air into the bloodstream. In the following report however no gas insufflation was used.
CASE HISTORY
A 44-year-old female of ASA grade 1 presented for hysteroscopic endometrial ablation. Planned spinal anaesthesia was performed. The height of the spinal blockade, however, was inadequate for the procedure and anaesthesia was supplemented with a bolus of propofol followed by placement of a laryngeal mask. Anaesthesia was maintained by isoflurane 1 to 2% in 35% oxygen and 65% nitrous oxide with spontaneous ventilation.
Endometrial ablation was commenced after positioning the patient in the lithotomy position. Initial examination and hysteroscopy showed a markedly anteverted uterus. Warmed glycine 1.5% was used as an irrigant at a pressure of 75 to 80 mmHg via a controlled pressure irrigation pump (Zimmer, Blackburn, Vic.). Surgery proceeded for 30 minutes although the surgical field was impaired more than usual by bubbles derived from the diathermy of tissues. The diathermy electrode used consists of a metal ball rolling on a fixed axis between two supporting wires (Olympus Australia Ltd). The ball was otherwise free in the uterine cavity. There was no gas cooling or insufflation system. Forty minutes after the commencement of general anaesthesia, the pulse oximeter indicated a sudden decrease in oxygen saturation (SpO 2 ) from 97% to 92%. The patient's pulse was easily palpable with systolic blood pressure unchanged and normal ventilatory pattern. The end-tidal carbon dioxide (P ET CO 2 ) was noted to be 24 mmHg during spontaneous ventilation. On auscultation of the heart a tinkling sound similar to that of an ornamental fountain was heard widely over the precordium. A diagnosis of venous gas embolism was made, the patient commenced on 100% inspired oxygen and surgery was ceased. The SpO 2 rose promptly to 98% and other observations remained stable. Review of the automatically recorded observations showed a gradual fall in the P ET CO 2 over approximately ten minutes before the drop in saturation, this had been accompanied by an increase in pulse rate from 62 to 75 beats per minute and an increase in diastolic blood pressure from 45 to 60 mmHg. The heart sounds remained abnormal for two to three minutes gradually becoming less distinct. As haemostasis was good and surgery completed, no further diathermy was used, and measured glycine loss was 300 ml. Anaesthesia was continued with isoflurane in oxygen for 30 minutes and then the legs lowered from lithotomy and isoflurane discontinued. The patient regained consciousness uneventfully.
DISCUSSION
Venous gas embolism has been reported in many cases in association with direct insufflation of gas into the uterus. A Medline search failed to find any report of clinical venous gas embolism in association with diathermy evolved gases.
The diagnosis in this case was suggested by the unusually low P ET CO 2 and confirmed by the distinctively abnormal cardiac sounds. CO 2 measured at the upper airway or distal anaesthetic circuit is influenced by the respiratory pattern. During anaesthesia with spontaneous ventilation the length of expiration may be insufficient to allow the end-tidal measurement to reflect a true mixed alveolar gas. This case demonstrates the effectiveness of airway CO 2 monitoring in spontaneously ventilating patients.
In the absence of altered inspiratory gas a reduction in the P ET CO 2 is caused by a change in the balance between minute ventilation and the quantity and distribution of CO 2 presented to the lung in the blood via the pulmonary artery. This balance may be altered by sudden reductions in cardiac output, major changes in regional perfusion of the lung, reduced body production of CO 2 or increased ventilation.
Gas emboli occupy superior parts of the pulmonary arterial tree causing a reduction in perfusion to the upper zones and therefore increased deadspace ventilation. In the absence of a severe reduction in cardiac output this is probably the main mechanism of reduction of P ET CO 2 in gas embolism.
Cardiac output may be reduced due to the displacement of blood from the heart and altered cardiac valve function in the presence of gas. Ineffective cardiac pumping is seen in dogs with a bolus of 3 to 8 ml/kg air 1,2 . In the case reported here, a modest reduction in cardiac output was manifest as an increase in diastolic blood pressure and pulse rate, reflecting reflex changes to maintain blood pressure in the face of decreased cardiac output. In the event of cardiac output decreasing suddenly, there is an immediate fall in the total quantity of CO 2 presented to the lung through the pulmonary circulation. This returns to normal once venous CO 2 concentration increases to maintain body CO 2 equilibrium. In the absence of a catastrophic fall in cardiac output the magnitude of this effect is relatively small as only approximately 10% of the available CO 2 in the blood is normally transferred to the alveolus. Any fall in the partial pressure of alveolar CO 2 will cause extra readily available CO 2 to pass into the alveolus limiting any further fall in P A CO 2 . A substantial decrease in cardiac output will also produce an increase in deadspace ventilation with upper zones in the lung receiving negligible perfusion compared with lower zones.
Adornato et al 1 noted two distinct abnormalities in cardiac auscultation during air embolism in dogs. At mean infusion rates of 1.7 ml/kg/min or a bolus of 25 ml (1.2 to 2.5 ml/kg) a tinkling drum-like sound was heard. At mean infusion rates of 1.96 ml/kg/min or a bolus of 200 ml (9.5 to 20 ml/kg) the classic millwheel murmur was heard. The 200 ml bolus was uniformly fatal. The abnormal heart sounds heard in this case had a distinct tinkling quality and probably correspond to the drum-like sound heard in dogs. Although it is useful to confirm the diagnosis, the late and unpredictable onset of this sound restricts its usefulness.
In this case the only possible source of gas was bubbles evolved from the endometrial diathermy. These obscured the surgical field at times due to inadequate clearance through the endoscopic sheath. The pronounced anteversion of the uterus caused these bubbles to accumulate in the superior part of the uterine cavity under pressure from the infuser controlling the glycine irrigant. This created a strong gradient favouring the entry of gas into the circulation. Gas evolved from a diathermy contains water vapour and products of combustion. The water vapour will rapidly condense leaving CO 2 as the major embolizing gas. Some particulate matter (smoke) may also be present from the combustion. Fine particulate matter is filtered in the pulmonary circulation and removed by phagocytosis.
Most gas emboli reaching the pulmonary circulation will pass through the pulmonary-alveolar membrane and be eliminated. Intravascular bubbles are not inert and cause platelet and leucocyte aggregation, disrupt endothelium and activate the complement and kinin systems 3 . This coating of blood components and damaged endothelium will slow transfer into the alveolar gas and cause residual effects after clearance of bubbles. Air bubbles persist for a mean of 24.5 to 43 minutes after infusions of air at 0.1 to 0.25 ml/kg/min for 15 minutes in dogs 4 . CO 2 is absorbed more rapidly than air as it is 34 times more soluble in blood 5 and therefore the time to clear bubbles will be much shorter. The lethal venous dose of CO 2 is approximately five times that of air in dogs 2 with an air LD50 of 5.1 ml/kg and CO 2 LD50 of 25 ml/kg. In addition, dogs surviving a near fatal CO 2 bolus recovered much more rapidly than those dogs that received a near-fatal bolus of air.
Intravascular gas may distribute along either a flow or a gravity gradient. As the patient was in lithotomy the legs may have provided a large reservoir of venous gas due to retrograde flow of gas into the lower limb veins. The patient was therefore maintained in lithotomy position for 30 minutes while administering 100% oxygen to promote absorption. The legs were slowly lowered while the heart was auscultated, however no further changes were heard and there were no changes in P ET CO 2 or SaO 2 .
This patient demonstrated several features of gas embolism: P ET CO 2 was reduced and a characteristic change in cardiac sounds occurred. These features rapidly resolved with cessation of the inflow of gas. Further support or treatment was unnecessary. The appearance of changed cardiac sounds however, means that the patient may have been close to the limit of physiological reserve. Caution is advised when using diathermy inside confined spaces in the body, particularly if the bubbles are not quickly cleared through the endoscope sheath.
